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(54) Title: FLUSHABLE COMPOSITIONS 

(57) Abstract 

The pcesent invention encompasses 
flushable compositions and flushable 
products, such u flushable personal hygiene 
articles, flushable medical, hospital and 
surgical supplies, and flushable household 
wipes and packaging material that have 
sufficient wet tensile strength for their 
intended use, particulady prolonged or 
ejctended use, in die presence of body waste 
fluids, but which disintegrate and disperse 
in the presence of ordinary tap water so as 
to be flushable in a cooventioDal toilet and 
disposable in munidpal or private sewage 
systems without obstnicting or clogging the 
toilet and disposable in municipal or private 
sewage system. 
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FLUSHABXiE COMPOSITIONS 

FIELD OF THE INVENTION 

The present invention relates to products that may be 
disposed of by flushing in a conventional toilet. More 
particularly, the present invention encompasses flushable 
personal hygiene products and flushable medical, surgical and 
hospital products that are reversibly water insoluble so as 
to retain their integrity in the presence of body waste 
fluids, but Which disintegrate and disperse in the presence 
of normal tap water. 

BACKGROUND OF THE INVENTION 

Disposable products have revolutionized modern 
lifestyle and are of great convenience to society. such 
products generally are relatively inexpensive, sanitary and 
quick and easy to use. Disposal of such products, however 
increasingly is a problem as landfills close and incineration 
contributes to urban smog and pollution. Consequently there 
xs an urgent need for disposable products that can be disposed 
of wxthout dumping or incineration. An ideal disposal 
alternative would be the use of municipal sewage treatment and 
private, residential septic systems. Products suited for 
disposal in sewage systems that can be flushed down a 
conventional toilet are termed "flushable." An essential 
feature of flushable products is that they must have 
sufficient wet strength for their intended use, yet lose 
structural integrity upon contact with water. Meeting these 
dual criteria is particularly difficult for products that come 
m contact with body waste fluids, especially urine, due to 
their similarity to normal tap water, as illustrated in Table 

1 
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Param«tttr 

PH 

Calcium 

Magnesium 

Sodium 

Chloride 

Sulfate 



Infant Urine 
5.8 - 8.5 
4- 182 ppm 
6 - 333 ppm 
12 - 6,200 ppm 
190 - 10,320 ppm 
23 - 3,514 ppm 



Tap Water 

5.0 - 10.5 



0 
0 
1 
0 
0 



145 ppm 
120 ppm 
19B ppm 
540 ppm 
572 ppm 



A distinct difference between urine and normal tap 
water is temperature. The skin temperature within the area 
enclosed by a disposable diaper is shown in Table 2 (cited 
from "Factors influencing infant diaper dermatitis" by W.E. 
Jordan and T.L. Blaney, published in Neonai^ai Qv^p , edited by 
H. Maibach and E. K. Boisits, Marcel Dekker, Inc., New York 
1982.) • 

TABLE 2 

Skin Temperature Within the Diapered Area 

(Oiaposatole Diaper) 




Diapered area 
Pubic 

Intertriginous 
Buttocks 

Normally exposed skin 
Abdomen 

Outer aspect of 
thigh 



95.3 
97.9 
89.4 



95.5 
90.6 



35.2 
36.6 
31.9 



35.3 
32.6 




Toilet bowl water temperature initially is determined 
by the temperature of tap water and subsequently approaches 
room temperature (20-C to 25-C) with time. Tap water 
temperature is effected by the temperatures of ground water 
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and surface water which make up the tap water, as well 
ambient room temperature. After toilet bowel water is 
discharged into the sewage system, the water temperature drops 
as it moves underground. 

The normal temperature of ground water at shallow 
depths in the United states ranges from a low of about 3-c to 
a high Of 25-c. The temperature of shallow ground water i„ a 
particular locality i. determined mainly by the mean annual 
air temperature of the region. At greater depths, the internal 
heat Of the earth controls the temperature, which on the 
average, increases approximately one degree Fahrenheit with 
each additional 50 to 100 feet of depth below land surface 
Normal ground water temperatures at a depth of 30 to 60 feet 
seldom vary more than a degree or so all year long, and at 
greater depths, remain practically unchanged. The lowest 
ground-water temperatures (3-C) are in northern Minnesota and 
the highest temperatures (25-C) are in the extreme southern 
tip Of Florida. In the eastern part of the country, ground 
water temperatures show a more or less regular increase from 
north to south. Table 3 shows the percent area of the United 
that has Shallow ground water at a particular 





temperature range. 




25 








Temperature 


above 

CO 


30 


77 


25.0 




72 


22.2 




67 


19.4 


35 


62 


16.7 




57 


13.9 


40 


52 


11. 1 




47 


8.3 




42 


5.6 


45 


37 


2.8 



TABLE 3 



1^ 



0.1 
3.2 

14 
27 
40 
59 
79 
95 
100 
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The temperature of surface water (lakes, rivers and 
reservoirs) varies with geographic location and season. m 
July/August, the highest surface water temperatures {32-C) 
are m the south-western part of Arizona and extreme 
south-eastern parts of California. Table 4 shows the 
percent area of United States that has surface water at a 
particular temperature range in July/ August. 

TABLE 4 
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15 



20 



25 



TMiperature 



30 



90 

85 

80 

75 

70 

65 

60 

50 



32 

29 

27 

24 

21 

18 

16 

10 



% Of area of United States 

Slil^K^^*!? temperature 
aJ?cve the xndifi>*->^ teip ^tpm^^y^ 



24 
45 
69 
92 
99 
100 



35 



40 



45 



It is obvious from this data that only less than 3% 
of the country and less than two months of the year have 
surface water temperature above 29 'C. 

Numerous attempts have been made to produce 
flushable fibers, fabrics, films and adhesives that retain 
their integrity and wet strength in the presence of body 
waste fluids, yet can be disposed of via flushing in 
conventional toilets. One approach to producing a 
flushable product is to limit the size of the product so 
that it will readily pass through plumbing without causing 
obstructions or blockages. Such products have high wet 
strength and do not disintegrate during flushing. Examples 
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of this type of product include wipes such as baby wipes. 
This approach to flushability suffers the disadvantage, 
however, of being restricted to saall sized articles, 'fiany 
of the current flushable products are limited to such small 
articles. 

Another approach to producing a flushable product is 
to manufacture a product that is normally insoluble in 
water, but which disintegrates in the presence of alkaline 
or acidic aqueous solutions. The end user is provided with 
an alkaline or acidic material to add to the water in which 
the product is to be disposed. This approach permits 
disposal via normal plumbing systems of products 
substantially larger than wipes, but suffers from the 
disadvantage of requiring the user to perform the step of 
adding the dissolving chemical to the water. A further 
disadvantage is that the inadvertent or intentional 
disposal Of such a product in a conventional toilet without 
the addition of the dissolving chemical can cause serious 
obstruction of blockage of the plumbing system. The latter 
disadvantage can, however, be overcome by incorporating the 
dissolving acid or alkali into the article but separate 
from the dissolvable material while in use. The dissolving 
Chemical is only released upon contact with water during 
flushing. 

Similarly, another approach to producing a flushable 
product, particularly wipes, consists of forming the 
product from a pH sensitive gelled polymer and storing the 
product in the presence of a separate acid pH solution. 
When the wipe is placed in a large quantity of neutral pH 
water, it disintegrates as a result of the pH shift. A 
disadvantage of this pH shift approach to flushability is 
that some acidic polymers lose wet strength at slightly 
alkaline pH in the range of 7 - a. Because the pH of urine 
may be as high as 8.5, these flushable materials are not 
well suited for use in, for example, diapers or 
incontinence pads. 

Another approach to producing a flushable product is 
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to conibine water soluble material with water insoluble 
material to for» a mixed material product. Upon contact 
with water, the water soluble material dissolves, reducing 
the structural integrity of the article, and causing its 
disintegration, such that it will easily pass through the 
Plumbxng system, a similar approach is to blend together a 
water insoluble material with a water soluble material such 
that the water insoluble material retards the contact of 
water with the water soluble material. 

Yet another approach to producing a flushable 
product is to form the product from material that is 
susceptible to attack by specific enzyme catalysis t^at. 
breaxs down the structural integrity of the material m 
such a product the enzymes may be introduced into the 
disposal water separately. These systems suffer many of 
the same disadvantages as those described above for 
alkaline or acid treatable materials, still another 
approach to producing a flushable product is to use 
polyvinyl alcohol polymers, or copolymers wherein one 
polymer is polyvinyl alcohol, which gel i„ the presence of 
borate ions in aqueous solution, but which break down in 
the presence of large excesses of water as the borate ion 
diffuses away from the polymer and the borate ion 
concentration decreases. A major disadvantage of these 
flushable products is that they must be pre-moistened, and 
thus, are limited to articles such as pre-moistened wipes. 
Additionally, the high concentration of boric acid 
required, while suitable for products that contact the skin 
only temporarily, may cause irritation upon prolonged 
contact with skin if used, for example in a diaper or 
incontinence pad intended to be worn for extended period of 
time. Furthermore, these polymers when dry are not 
suitable for use in products such as diapers and 
incontinence pads because the salt concentration in urine 
often will be too low to ensure insolubility of the product 
while in use. Products made of these materials would 
dissolve during use in the absence of added salt. 
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Wipes have been made using colloidal cellulose 
sulfate esters as binders. The colloidal cellulose sulfate 
esters fonn aqueous gels in the presence of potassium ions 
The inaersxon in water of such wipes results in the gel 
breaking and the wipe dispersing. 

Still others have attempted to maJce flushable 
products Wherein a non-woven web is bound together with 
salt-sensitive binders. For example, sone acrylic 
copolymers precipitate in the presence of high 
concentrations of calcium ions. The problem with 
calcium-dependent water soluble binders, however, is that 
across the country the concentration of calcium in normal 
tap water varies tremendously. Consequently, flushable 
products made with those binders may not, in fact be 
flushable in regions with high calcium containing 'water, 
water analyses of metropolitan Los Angeles water supplies 
demonstrate the wide variations that can occur, see 
1982-1983 Analyses of Metropolitan's Water Supplies.' Por 
example, one water source had 83 mg/L of calcium whereas 
another water source had only 16 mg/L of calcium, similar 
variances were found for other ions as well, as illustrated 

252 ' "measurements, which ranged from 

252 amho/cin to 1106 Mmho/ca. 

tan r.J"'' ^"""^ '^""^ ""'"^ character of normal 

tap water vary tremendously in different geographic 

locales, but the salt concentration of body waste fluids 

especially urine, varies greatly at different times during 

the day and under different conditions. Compositional 

differences in dietary intake lead to tremendous variations 

m the urinary output of electrolytes. For example, the 

urinary concentrations of sodium, potassium, chloride 

Phosphate and urea are lower in breast-fed infants th^ 

formula-fed infants. Furthermore the amount of intake 

affects urine electrolyte composition as more fluid is 

taken in the concentration of urinary salts decreases 

salt variations in a normal diurnal period can fluctuate 

± 40% from the 24 hour mean concentrations. As a 



7 



wo 9S/16474 



PCT/DS94/14034 



10 



15 



20 



25 



30 



consequence of these variations, prior art flushable 
compositions often are not suited for all disposable 
products, especially diapers and incontinence pads. 

In the prior art, precipitating salts generally are 
supplied to the local external environment around the 
polymeric material. An example is personal care 
pre-moistened wipes, where precipitating salts are 
dissolved in the solution surrounding the wipe. This 
method of introducing salt to flushable material is 
impossible, however, when the flushable article is provided 
dry, such as with flushable diapers. Alternatively, salts 
or other additives may be coated on the external surface of 
flushable materials. The latter method prevents the salt 
or additive from quickly washing in the presence of small 
amounts of water such as perspiration, but provides only a 
limited functional time for using the flushable article 
after contact with bodily fluids or wastes, unless excess 
salt or additive is provided to counteract these effects. 
The high concentrations of salt or additives required to 
ensure structural integrity during use, in turn may cause 
undue irritation to the wearer of the flushable article. 

What is needed are flushable products having sufficient 
wet strength for their intended use, which contain polymers 
that can be made reversibly insoluble in the presence of 
body waste fluids, but soluble in normal tap water, and 
therefore flushable in conventional toilets. 



SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention 
to provide disposable products that can be flushed in a 
conventional toilet. 

It is a further object of the present invention to 
provide disposable products that can be flushed in a 
conventional toilet without the addition of a dissolving 
3 5 chemical . 

It is yet another object of the present invention to 
provide flushable products that are reversibly' water 
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insoluble in the presence of body wasre fluids, but which 
are water soluble in the presence of normal tap water. 

It is a further object of the present invention to 
provide flushable products that dissolve or disintegrate 
and disperse in normal tap water regardless of geographic 
variations in tap water salt concentrations. 

It is still another object of the present invention 
to provide flushable products that have sufficient wet 
strength for their intended use. 

Yet another object of the present invention is to 
provide flushable binders, flushable fibers, flushable 
fabrics, flushable films, flushable elastoaeric yarns, 
flushable tapes, flushable adhesives, and flushable foams, 
still another object of the present invention is to 
15 provide flushable personal hygiene products, flushable 

medical, hospital, surgical supplies, disposable household 
wipes, and disposable packaging material. 

The present invention encompasses flushable products 
that have sufficient wet strength for their intended use, 
particularly prolonged or extended use, in the presence of 
body fluids and at temperatures above 25 'C, but which 
disintegrate and disperse in the presence of ordinary tap 
water. More particularly, the flushable articles of the 
present invention contain one or more temperature sensitive 
25 polymers that are reversibly water insoluble under certain 
conditions. Temperature sensitive polymers may be combined 
with salts, such that the salt is admixed into the bulk of 
the polymer, to modulate the temperature at which the 
resulting composition is soluble in water. The anion of 
30 the salt influences the temperature at which the 

composition becomes water soluble. The effectiveness of 
some common anions is as follows P04''>S042 >C03^ >ci >Br' . 

Desirable embodiments include polyvinyl methyl 
ether, polyethyl oxazoline, polyvinyl pyrrol idone, hydroxy 
35 propyl cellulose and polyvinyl alcohol having a percent 

hydrolysis of less than approximately 75%, combination with 
an anion of a salt, such as disodium hydrogen phosphate, or 
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another salt selected from rhe group consisting of sulfate 
salts, citrate salts, phosphate salts and chromate salts in 
an amount sufficient to render the polymeric material 
insoluble in body fluids above 25 -c, yet soluble in normal 
tap water. 

It is contemplated that flushable personal hygiene 
articles, medical, hospital, surgical supplies, disposable 
household wipes and disposable packaging material may be 
produced comprising such reversibly insoluble materials. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a graph illustrating the ' 
interrelationship between temperature-dependent solubility, 
endogenous salt concentration of urine and water, and added 
salt concentration in a flushable composition for 
hydroxypropyl cellulose and hydrogen phosphate ion. 

Figure 2 is a graph of storage moduli (C) values as 
a function of temperature for various polymethacrylic acid 
polymer preparations. 

Figure 3 is a graph of storage moduli (C) values as 
a function of temperatiire for various Acrysol ASE95 
polymers preparations. 

Figure 4 is a graph of storage moduli (C) values as 
a function of temperature for various polyvinyl alcohol 
25 polymer preparations. 

Figxire 5 is a graph of storage moduli (C) values as 
a function of temperature for various polyvinyl alcohol 
KH-17 polymer preparations. 

Figure 6 is a graph of storage moduli (C) values as 
a function of temperature for various polyethyl oxazoline 
polymer preparations. 

Figure 7 is a graph of storage moduli (G») values as 
a function of temperature for various polyvinyl methyl 
ether polymer preparations. 

Figure 8 is a graph of storage moduli (G') values as 
a function of temperature for various polyvinyl methyl 
ether polymer preparations containing sodium phosphate. 
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Figure 9 is a graph of storage moduli (C) values as 
a function of temperature for various polyvinyl 
pyrrolidone/vinyl acetate E335 polymer preparations. 

Figure 10 is a graph of storage moduli (C) values 
as a function of temperature for various polyvinyl 
pyrrolidone/vinyl acetate E535 polymer preparations. 

Figure 11 is a graph of storage moduli (C) values 
as a function of temperature for various hydroxypropyl 
cellulose polymer preparations. 

Figure 12 is a graph of storage moduli (C) values 
as a function of temperature for various hydroxypropyl 
cellulose polymer preparations containing various 
additives. 

Figure 13 is a graph of storage moduli (G') values 
as a function of temperature for various hydroxypropyl 
cellulose polymer preparations containing various salts. 

Figure 14 is a graph of storage moduli (C) values 
as a function of temperature for various methyl cellulose 
polymer preparations. 

Figure 15 is a graph of storage moduli (C) values 
as a function of temperature for various methyl cellulose 
polymer preparations containing salt. 

Figure 16 is a graph of storage moduli (C) values 
as a function of temperature for various polyethylene oxide 
25 polymer preparations. 

Figure 17 is a graph of storage moduli (C) values 
as a function of temperature for ethylene oxide-propylene 
oxide copolymer. 

30 DETAILED DESCRIPTION OF THE INVENTION 

Flushable compositions and articles of the present 
invention have sufficient wet strength for their intended 
use and are reversibly water insoluble in the presence of 
body waste fluids, yet soluble in the presence of normal 
35 tap water. A benefit of the flushable articles of the 
present invention is that they are not restricted to 
articles of small size and they do not contain high levels 
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Of borate salts or other additives that nay be irritable to 
the skin when in close proximity to the body. 

Flushable articles of the present invention may be 
made up entirely of flushable components, or composed of a 
mixture of flushable and non-flushable materials. in the 
former case, the entire article dissolves, disintegrates or 
disperses in the presence of normal tap water, while in the 
latter case the flushable components dissolve, disintegrate 
or disperse in the presence of normal tap water and the 
flushable article falls apart into pieces small enough to 
be flushed without causing obstruction. 
Oefiaitions 

The term "flushable" as used herein means capable of 
being flushed in a conventional toilet, and being 
introduced into a municipal sewage or residential septic 
system, without causing an obstruction or blockage in the 
toilet or sewage system. The term "flushable article" as 
used herein includes, but is not limited to, flushable 
infant diapers; flushable child care products, such as 
child training pants; flushable adult care products, such 
as adult diapers and adult incontinence pads; flushable 
feminine care products; flushable wipes; flushable medical 
and surgical care products, such as medical wipes, 
examination bed coverings, and wound dressings; flushable 
fabrics; flushable tapes; flushable foams; flushable films; 
flushable adhesives; flushable elastomeric yams, flushable 
household wipes and flushable packaging material. 

The term "reversibly water insoluble" as used herein 
means a substance that is water insoluble in the presence 
of relatively small volumes of body waste fluids, up to 
approximately 300 ml, but water soluble in the presence of 
a relatively large volume of normal tap water, such as the 
volume of water normally present in a standard toilet bowl. 
The volume of tap water in many cases may be considered 
essentially infinite since once a flushable article is 
introduced into a plumbing system it will be exposed to an 
endless stream of water." The term "water insoluble" means 
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that the flushable polymers and articles of the present 
invention comprising the flushable polymers do not dissolve 
or fragment, and are not soluble or dispersible in the 
presence of body waste fluids. The term "water soluble- 
means that the flushable polymers and articles of the 
present invention comprising the flushable polymers do 
dissolve or fragment, and are soluble or dispersible in 
water. 

The terms "thermoreversible" or 
"temperature-sensitive" as used herein means the water 
solubility of the flushable polymers and articles 
comprising flushable polymers of the present invention is 
dependent upon temperature, and optionally on salt ' 
concentrations in the flushable polymer formulation. More 
particularly, the terms "thermoreversible" and 
"temperature-sensitive" refer to polymers or polymeric 
compositions that are water soluble at or below 23 -c, but 
which are water insoluble at or above temperatures of 25 'C. 
The terms "thermoreversible" and "temperature-sensitive" 
also refer to polymers and polymeric compositions that have 
a storage modulus (C) value of greater than approximately 
2 X 10 dyne/cm^ when in contact with urine at temperatures 
m the range of 25-C to 37-c, and a G- value of less than 
approximately 5 x lo' dyne/cm^ when in contact with water at 
25 temperatures below 23 'C. 

The term "binder" as used herein encompasses the art 
accepted usage of the term and means, for example, the 
material that binds together non-woven polymers or fibers 
to form a non-woven fabric. A binder may also function as 
30 an adhesive. The term "insolubilizing salts" as used herein 
means salts or additives which, when combined with a 
polymeric material in the proper amount, forma a 
temperature-sensitive composition that is reversibly water 
insoluble in the presence of body waste fluids. 
"Insolubilizing salts" dissolve or diffuse away from the 
polymeric material when exposed to normal tap water, 
rendering the polymeric material water soluble. 
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Finally, when a salt is coaiDined with a polvmer -o 
yield a flushable composition according to the present ' 
invention, the term "approximately" as used herein with 
respect to salt concentration includes concentrations uo to 
twenty percent higher than the stated concentration, or' 
down to twenty percent lower than the stated concentration 
The term "approximately" as used herein with respect to 
temperatures includes temperatures within two degrees of 
the stated temperature. The term "approximately" as used 
herein with respect to percent hydrolysis of polymers 
includes percents hydrolysis within three percents of the 
stated percent hydrolysis. 

Recognizing the difficulties of producing flushable 
articles due to the above described similarities between 
body waste fluids, particularly urine, and normal tap 
water, searches were made and tests were conducted seeking 
parameters and conditions dissimilar between normal tap 
water and body waste fluids that could be used to form the 
basis Of flushable articles. Thus, conditions present in 
body waste fluids that render a polymer insoluble or 
maintain polymer insolubility, which are not present in 
normal tap water, were sought. Illustrative of such 
conditions are hydrogen phosphate ion and urea 
concentrations, significant levels of which are found only 
in urine. Another physical parameter that is distinctly 
different between urine and normal tap water is 
temperature. Examples of these primary differences between 
normal tap water and infant urine are illustrated in Table 

5. 

TABLE S 



35 Parameter 

Hydrogen 

Phosphate Ion 
Urea 

Temperature 



es Between Mormal Tap Water 
And Infant Urine 



Infant Urine 

82-7,361 ppm 



Tap Water 

0 ppm 



400 - 28.6990 ppm 0 ppm 
> 34-C < 25VC 
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As discussed in the Background of the Invention no 
more than 3% of the United states has average surface water 
temperatures above 29'C during the months of July and 
August. However, the temperature of indoor toilet water 
will be cooler than 29 'C because of the cooler ground water 
and the air-conditioning effect in the house. Additionally 
toilet water becomes cooler when it is flushed down into 
the sewage system and underground piping. 

It has been found that the temperature of the diaper 
liner adjacent to the baby .Jcin during use is between 29-c 
and 33-c. urine at the moment it leaves the body is at body 
temperature, i.e., 37 -c, but subsequently cbols down to 
30-C-33-C at the liner area. The temperature of the outer 
portion of a diaper or other disposable absorbent article 
approaches ambient temperature, which for internal spaces 
generally is approximately 25 'c. 

This temperature difference between urine and tap 
water offers an opportunity to design a flushable diaper 
product by using a temperature-sensitive thermoreversible 
polymer, one aspect of the present invention is flushable 
articles containing components that are insoluble at 
approximately body temperature in the presence of body 
waste fluids, but which become soluble in cold water, m 
one embodiment the flushable article is insoluble or 
non-dispersible above 25-c, or approximately 25-c in the 
presence of body waste fluids but soluble or dispersible in 
water below a temperature of 23-c, or approximately 23-c. 
In one aspect of the invention, the flushable articles 
comprise a flushable polymer or composition that has a 
storage moduli (C) value of greater than approximately 2 x 
10 dyne/cm when in contact with urine at temperatures in 
the range of 25-C to 37-c, and a G' value of less than 
approximately 5 x 10^ dyne/cm^ when in contact with water at 
temperatures below 23 'C. 

Polymers that exhibit a lower critical solution 
temperature (LCST) or cloud point close to 25-C in water 
are potential suitable materials. Higher cloud' poiht 
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coiymers are also suitable if their cloud point can be 
lowered by the addition of salt(s) or by copoly^erization 
with another component to form a polymeric composition 
having the desired LCST. 

Examples of polymers and their copolymers that 
exhibit such a behavior include, but are not limited to, 

polymethacrylic acid; 
polyvinyl pyrrolidone; 
polyvinyl methyl ether; 
polyvinyl alcohol; 
polyethylene oxide; 
hydroxy propyl cellulose; 
hydroxypropyl methyl cellulose; 
methyl cellulose; 
ethyl hydroxyethyl cellulose; 
isopropyl cellulose; 
methyl ether starch; 
poly(n-isopropyl acrylamide) ; 
poly(N-vinyl caprolactam) ; 
polyethyl oxazoline; 

poly(2-isopropyl-2-oxazoline) ; 
polyvinyl methyl oxazolidone; 
polyvinyl methyl oxazolidimone; 

Poly(2,4-dimethyl-6-triazinylethylene) ; 
and ethylene oxide-propylene oxide 
copolymers 

The desired LCST can be achieved by employing 
copolymerization technology to produce copolymers that 
exhibit the proper phase transition temperature, 
copolymerization permits the selection and commingling of 
advantageous properties of various polymers • For example, 
copolymerization is used to control water solubility and 
wet strength of the flushable polymer. Further, copolymers 
are produced that have improved thermoplastic properties, 
which facilitate melt processing. 
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such copolymers comprise, for example, a first 
comonomer that is thermoreversibly insoluble in water, and 
a second comonomer that is water insoluble irrespective of 
temperature. Examples of the first comonomers include but 
are not limited to polymethacrylic acid, polyvinyl alcohol 
polyvinyl pyrrolidone, polyethyl oxazoline, polyethylene ' 
oxide, and polyvinyl methyl ether. Examples of the second 
comonomer include, but are not limited to ethylene 
propylene, butylene, alJcyl acrylate, alkyl aethacr^late 
acrylic ester, methacrylic ester, vinyl acetate, styrene 
and the like y^^ene. 

Furthermore, copolymers of ethylene oxide and 
propylene oxide or butylene oxide are also suitable, as are 
copolymers of N-n-butyl acrylamide and N-t-butyl acrylamide 
with acrylamide and N-isopropyl acrylamide. 

Other copolymers and combinations of chemical 
structures will become obvious to one skilled in the art in 
light of this disclosure, such obvious variations are 
contemplated to be within the scope of the appended claims. 

Additionally, to overcome prior art difficulties 
associated with (1) making flushable articles by adding 
salts to solutions in which the articles are suspended, and 
(2) coating the articles with a high external concentration 
Of salt, it was found that salts or other additives could 
be incorporated or admixed directly into the bulk of the 
polymeric material to effectively modulate the reversible 
water insolubility of the polymeric components and thus 
form the flushable compositions of the present invention 
The added salts are blended or admixed with the polymeric 
material to form the desired temperature-sensitive 
reversibly insoluble composition having the salt 
distributed evenly throughout the bulk of the resulting 
composition, and not merely associated with the external 
surfaces of the polymeric material. 

Thus, in one embodiment flushable polymers having as 
an integral component a salt or additive that renders the 
polymers reversibly insoluble, may be bound by" a flushable 



17 



wo 95/16474 PCT/OS94/14034 



10 



15 



20 



25 



30 



35 



binder to form a flushable non-woven fabric. in the 
presence of relatively small volumes of body waste fluids, 
for example less than approximately 300 ml of urine, the 
flushable polymers remain insoluble, but upon contact with 
a relatively large volume of normal tap water, the salt or 
additive dissolves or diffuses out of the polymer and into 
the water, rendering the polymer soluble. As a result of 
contact with water, the flushable article falls apart, 
peraitting the article to be flushed and disposed of in a 
nunicipal or private sewage system without obstructing the 
toilet or sewage system. 

Additionally, flushable films, flushable foams, 
flushable adhesives, and flushable elastomeric yams can be 
manufactured by methods well known in the art from 
flushable polymeric material to which insolubilizing salts 
have been added. Such films, foams, adhesives and yarns 
similarly will dissolve in the presence of water as the 
insolubilizing salt or additive dissolves or diffuses out 
of the material. In another aspect of the invention, 
flushable polymers or fibers may be bound together with a 
non-flushable binder, or alternatively a flushable article 
may be made by binding together non-flushable materials 
with a flushable binder or adhesive, m still another 
aspect of the invention the same flushable polymers or 
fibers or binders can contain one or more nonflushable 
ingredients along with the flushable ingredient, in the 
presence of relatively small volumes of body waste, for 
example less than approximately 300 ml of urine, the 
flushable material remains insoluble. However, when the 
flushable article contacts a relatively large volume of 
normal tap water, the flushable material dissolves or 
disintegrates, causing the flushable article to fall apart 
into small insoluble pieces that are of such a size so as 
to be flushable themselves. 

Yet another aspect of the invention is flushable 
articles containing components that are insoluble at 
temperatures of 25 'C to approximately body temperature in 
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-he presence of body wasre fluids, but which become soluble 
m cold water. The general relationship between added salt 
concentration, temperature and polymer solubility are 
illustrated in Figure 1, where the ordinate axis reflects a 
' particular salt concentration, in this case hydrogen 
phosphate ion, and the vertical double arrow lines 
represent the change in salt concentration under differing 
conditions. For urine, the endogenous salt concentration 
IS insufficient to ensure polymer insolubility at 
approximately body temperature. Thus additional salt is 
incorporated into a flushable binder of which the flushable 
article is made. This guarantees that the article 
maintains its structural integrity and wet strength in the 
presence of body waste fluids while the article is worn 
subsequently, when the article is placed in normal tap * 
water the salt diffuses out of the binder, illustrated by 
the double arrow vertical line, thus rendering it soluble 
at normal tap water temperature. 

In a desired embodiment the flushable article is 
insoluble above approximately 25-c in the presence of body 
waste fluids but soluble in water below a temperature of 
approximately 23-C. However, finding a flushable material 
that meets these criteria is not easily accomplished. For 
example, one temperature-dependent reversibly water 
insoluble polymer, Klucel* - a hydroxypropyl cellulose 
available from Aqualon, Co. of Wilmington, Delaware, will 
not precipitate, and, therefore, is soluble in urine as 
shown in Table 8. 



19 



wo 95/16474 PCT/US94/14034 



TABLE B 



10 



20 



25 



30 



45 



Effect Of V^ious oriaa salts On The Teaperature-Oependent 

solubility Of Hyteoxypropyl Cellulose 

critical Salt 
Concentration For 

Phase Change at salt Cone, in 




urine 



Disodiua Phosphate 2 n -ja 

Sodium Sulfate 5 < a It 

Sodium Carbonate 5 « 

15 Sodium Chloride lo < i 

calcium Chloride 50 < J 



In some cases the critical phase change temperature at 
Which a particular flushable material becomes insoluble may 
be modulated by the addition of salts to the material. For 
example, increasing salt concentration decreases the 
temperature at which hydroxypropyl cellulose precipitates as 
shown in Table 9. 



TJ^XJB 9 



Change In Hydroxypropyl Cellulose Precipitation Temperature 

As A Function of salt Concentration 

C9Bgfntra1;tpn (vt\ ) Preeipltaj^ ion Temperature rgi 

Naci 

0* 41-C 
35 1% 3g.^ 

5* 30'C 

Room Temperature 

NajHPOi 

40 0.5% c 

1.2% 30'C 

Room Temperature 



For another temperature sensitive reversibly insoluble 
polymer, polyvinyl alcohol, the degree of hydrolysis of the 
polymer is critical. Hydrolysis is the process whereby, for 
example, an acetate side chain on the polymer is hydrolyzed 
to a hydroxyl group. There is an inverse relationship 
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between the percent hydrolysis and the temperature an which 
polymer phase change occurs. For example, polyvinyl alcohol 
having 80.3% hydrolysis has a gel point of 49.7-c, whereas at 
71.6% hydrolysis the gel point is 31, 7 -c. Accordingly, 
polyvinyl alcohol polyner-containing compositions of the 
present invention utilize polyvinyl alcohol polymers having 
a percent hydrolysis of less than approximately 75%. a 
desirable flushable composition comprises polyvinyl alcohol 
that has a degree of hydrolysis of less than 75% and a salt 
selected from the group consisting of sulfate salts, citrate 
salts, phosphate salts and chromate salts. 

other desired embodiments include (i) a fiushable 
composition comprising polyethyl oxazoline and a salt selected 
from the group consisting of phosphate salts, sulfate salts, 
carbonate salts, and halide salts (2) a flushable composition 
comprising polyvinyl pyrrolidone copolymer and an inorganic 
salt, particularly where the salt is ammonium sulfate, and (3) 
a flushable composition comprising hydroxypropyl cellulose and 
an inorganic salt, wherein the composition is reversibly water 
insoluble in the presence of body waste fluids at temperatures 
above approximately 25 -C, but soluble or dispersible in the 
presence of normal tap water at temperatures below 
approximately 23 -C. More desirable still are embodiments 
wherein the flushable composition has a storage modulus (C) 
value of greater than approximately 2 x lo' dyne/cm^ when in 
contact with urine at temperatures in the range of 25 'C to 
37-C, and a G' value of less than approximately 5 x 10^ 
dyne/cm^ when in contact with water at temperatures below 
23*C. 

The flushable article of the present invention made 
with flushable temperature sensitive polymers may be made 
entirely of temperature sensitive flushable materials, or may 
contain flushable as well as non-f lushable materials. 
Additionally, flushable articles may also be made by mixing 
35 various different types of flushable materials. 

Two different methods for determining wet strength 
performance in product uses and dispersibility in the toilet 
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bowl have been employed. 
Oisperaibility 

A -Shake test' was used to evaluate the dispersibiuty 
Of polymer samples. The polymer solution was treated on a 
wet.laid fabric (as described in Example 3) . a z-x 2" polymer 
sample was soalced in a 125 ml Erlenmeyer flask containing loo 
ml water and placed on a wrist action shaker (Model 75) from 
Barren Corporation of Pittsburgh, pa. The sample was shaken 
for up to a maximum of 30 minutes at the maximum setting. The 

10 condition of sample break-up level in the flask was monitored 
periodically. After the tests, the sample was examined for 
the degree of break-up, which was estimated ' visually • The 
sample was considered to pass the shake test if the sample was 
broken into more than 5 pieces or totally dissolved 

15 Tensile strength 

A wet-laid nonwoven web, described in Example 3 was 
saturated with the flushable binder solution and the treated 
w«b was dried at 90-C. The wet tensile strength of the 
flushable compositions was tested by subjecting samples to a 

20 solution containing 0,9% NaCl and 30 ppm calcium chloride for 
30 minutes. Wet tensile strength of each sample was measured 
using a tensile strength measuring device, such as an 
instrument available from Sintex. Tests were conducted at 
room temperature only because the instrument was not equipped 

15 to measure tensile strength at elevated temperatures 
Hoduli 

The wet strength of the flushable polymers was also 
measured by determining the storage moduli of the polymers 
The dynamic mechanical response of the polymers as a function 

0 of temperature was measured using a Rheonetrics Dynamic 
spectrometer 2 (RDSII) from Rheometrics, inc. of Piscataway 
Kew Jersey. The samples were placed between a pair of serrated 
parallel plates having a diameter of 25 mm and the plates were 
separated by a distance of about 2 mm. The storage moduli 

5 (G-), loss moduli (G"), and their ratio (G"/G') or tan delta, 
were recorded. The storage moduli are of interest because G- 
IS related to the rigidity of the polymer at a specific 
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temperature and solution environmenr . 

A majority of the wet strength tests were oerf^.^ . 

using this method because of the abilitv t ^'^'^^^^ 

acxiity to control the 
temperature during the test. Also irh<« ^ 

^ Axso, this method providec: = 

direct neasurenent of the effect m- ^ Provides a 

ertect of temperature on poivmer 

It was found that a poivmer «5*mr.T^ j 
«^ ^ . FOiymer sample having a g' value 

of greater than 2 x lo' dvne/em2 Sr. ^ ^ 

xw ayne/cm m contact with an n*--!**-^ 

environment is able to provide sufflc=i.„^ . 

di«n«,- n ^ . Pi^oviae sufficient wet strength as a 

diaper liner during use. On the other hand, a polymer samol! 

iizi V ' ^ in'tap ::: 

IS considered to be able to be dispersed i„ toilet bowl 

are set^'fr^T.' T '""^^"^-^ P«sent invention 

are set forth below. Examples 12. 13 and 17-29 are prophetic. 

EXAMPLE 1 

Polymethacrylic Acid and Copolymers 

in w.ter™T °' P^ly-ethacrylic acid (P*,., 

sol^ion ' concentrated 

solution Of PMA is warmed it coagulates liJce albumin and 
after sufficient time, phase amr^mr-^i-i ^^oxmxn and, 

is for^oH separation occurs - a dilute sol 

IS formed above a concentrated gel. The phase separation is 
completely reversible. «paration is 

th.^ • " ^ critical concentration range (CCR) 

that IS dependent on the degree of polymerisation (DP, of the 
polymers. For a DP of 3500, the ccR is about 7% w/w in water 
Below the CCH, the solution had no detectable rigid™; 
above the cCR the rigidity increased sharply oL a 

3T0.C ;„d !7'.T ' temperature between 

30 0 c and 47.5-c, m contrast to polymethacrylic acid 
polyacrylic acid does not exhibit si»ii»». *.k 
aelation k»k • ^ exnioit similar thermoreversible 

! methvl ''''' ^^^^ 

a methyl group attached to the carboxylic acid group. 

The chemical structures of polymethacrylic acid and 
polyacrylic acid are as follow: ' 
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" - ) X - - (CH - CH, ) 

polymethacrylic acid polyacrylic acid 



Copolymers of methacrylic acid are of interest 
because honopolymers of methacrylic acid are highly soluble 
in water at low concentration and may become unstable in a 
flushable product during use. By copolymerization a less 
soluble component can be introduced into the polymer backbone 
to alter and control its water dissolution rate. Another 
advantage of copolymers is cost consideration and process 
flexibility. Copolymers of methacrylic acid are prepared by 
emulsion polymerization and generally supplied as latex 
20 solution. still another benefit of copolymers is that 
polymethacrylic acid has been reported to irritate human skin 
and eyes such that it will prevent its use in many products 
that come in contact with skin. Copolymers reduce or 
eliminate the irritating effect that occurs when 
polymethacrylic acid comes in contact with the skin. 

Copolymers of methacrylic acid can not be easily 
differentiated from acrylic acid based polymers without 
Chemical analysis due to proprietary nature of many commercial 
products. Therefore, commercially available polymers 
containing carboxylic acid group were evaluated for their 
temperature response in moduli. Three commercial polymers 
containing carboxylic acid group, Acrysol ASE-95, Rhoplex HA-8 
and Rhoplex NW-1715 supplied by Rohm & Haas Co. of 
Philadelphia, PA. were used for comparison purposes. The 
first polymer exhibits excellent temperature response while 
the other two compositions were found to be not meeting the 
criteria required for use in a flushable composition, as 
discussed more fully below. 



40 EXAMPLE 2 

.Polymethacrylic acid (PMA) having molecular weight of 

24 
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^nc, of 



aDOut 100,000 was obtained from Polysciences , 
Warrington , PA . 

A polymer gel was prepared by mixing 18% w/w pma with 
water- The wet storage moduli as a function of temperature 
5 is given as follow: 
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18.1 


1.345 


X lo' 


18.6 


2.207 


X 10^ 


19.6 


6.228 


X 10^ 


21.1 


7.082 


X 10* 


22.8 


5.482 


X 10^ 


24.6 


1.952 


X 10* 


26.6 


4.395 


X 10* 


28.7 


7.741 


X 10* 


31.0 


1.166 


X 10^ 


33.2 


1.646 


X 10^ 


35.5 


2.136 


X 10^ 


37.8 


2.468 


X 10^ 



25 



The -wef polymer becomes stronger at elevated 
temperatures. See Figure 2 for a plot of g- values as a 
function of temperature for PMA having various degree of 
hydration. 
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EXAKPLE 3 



Acrysol ASE-95, a copolymer that containing 
carboxylic acid groups, was examined as for its utility as a 
flushable material component. Acrysol ASE-95 is generally used 
as a thickener and rheology modifier in the paper industry. 
It is an emulsion copolymer containing carboxylic acid groups 
and has an effective equivalent weight of solid (weight of 
polymer solids exactly neutralized by 40 grams of NaOH) of 
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A wet-laid nonwoven web based on a blend of 60% i.s 
denier 1/4" pet staple fibers and 40% Abaca pulp was saturated 
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with the ASE-95 solution and the creared web was dried at 
90-c. 0.125% Parez NC 631, is a wet strength chemical, was 
added to the web for easily handling during the wet laid 
process. This chemical does not contribute any wet tensile 
5 strength in water or urine. The add-on level was 20%. The wet 
tensile strength for a 3" wide sample in 0.9% NaCl/30 ppn 
CaClj solution was measured to be 2.83 lbs. at room 
temperature. The sample passed the shake test. 

10 EXAMPLE 4 

A binder solution was prepared by combining 70% of 
Acrysol ASE-95, and 30% of Emulsion E-1847. Emulsion E-1847 is 
a formaldehyde free acrylic binder and is supplied as a 44% 
solution from Rohm and Haas Co. The binder solution was 
treated on the wet-laid fabric as described in Example 3 
above. The add-on level was 23%. The wet tensile strength for 
a 3" wide sample in 0.9% NaCl/30ppa CaClj solution was 
measured to be 3.66 lbs. at room temperature. The sample 
passed the shake test. 

The treated fabric was subjected to an aging test at 
130-F for 24 hrs. The wet tensile strength increased to 9.13 
lbs. The sample failed the shake test if the sample was 
freshly soaked, but passed the shake test if the sample was 
pre-soaked for 24 hr. 

For comparison purposes, another sample of the 
wet-laid web made from the same lot was treated with Rhoplex 
HA-8 latex solution supplied by Rohm & Haas Company of 
Philadelphia, Pa. HA-8 is a water insoluble acrylic polymer. 
The add-on level was 15.9%. The wet strength for a 3" wide 
sample in 0.9% NaCl/30 ppm CaClj solution was measured to be 
6.35 lbs. The treated fabric was aged at room temperature for 
more than a week. The wet tensile strength increased to 7.03 
lbs. As expected, both the fresh and aged samples remained 
intact (i.e. failed) in the shake test. 
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EXAMPLE 5 

A semi-rigid polymer gel was prepared by mixing 19% 



26 



wo 9S/16474 



PCT/US94/14034 



10 



15 



Of ASE-95 with water. The wet storage moduli as a function of 
temperature were measured, the results of which are shown in 
Table 12. 

TABLE 12 



>erature. "e 


Ston 


tqe modulun. 


dvne/s 


19.7 




2.545 


X 




20.3 




3.902 


X 




21.3 




5.951 


X 




22.5 




1.088 


X 


10* 


23.8 




2.055 


X 


10* 


25.3 




3.311 


X 


10* 


26.3 




5.384 


X 


10*- 


28.4 




7.598 


X 


10* 


30.0 




6.822 


X 


10* 


31.6 




8.294 


X 


10* 


33.4 




1.520 


X 


10^ 


35.2 




2.681 


X 


10' 
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Pigxire 3 is a plot of g- values as a function of 
temperature for Acrysol ASE-95 and ASE-95 having 1.25% sodium 
phosphate or 130 ppxi ca^. The rigidity of ASE-95 is enhanced 
with the presence of sodium phosphate or calcium chloride . At 
130 ppm ca2% which is equivalent to the maximum hardness 
found in most tap water, the storage modulus c at room 
temperature is low. Indicating that ASE-95 is dispersible in 
tap water and therefore is flushable. 

For comparison purposes, two different water 
insoluble polymers, Rhoplex HA-8 and Rhoplex NW-1715, 
obtaining from Rohm and Haas Company were studied. Rhoplex 
HA-8 is a nonionic self-crosslinking acrylic polymer, it was 
supplied as 45,5% latex solution, it has a glass transition 
temperature of -lO'C. Rhoplex NW-1715 is a formaldehyde- free 
acrylic nonwoven binder. it has a glass transition 
temperature of -IS'C and it was supplied as 44% latex 
solution. 

Dry polymer samples were obtained by evaporating the 
solvent from latex solutions. After 3 days, the dry samples 
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were resoaked in distilled water overnight. The 'vet' solids 
were immediately removed from the solution and placed between 
two serrated plates of a rheometric dynamic spectrometer and 
the storage moduli were obtained. 



TABLE 13 



2.812 X 10* 

28.7 2.256 X lo' 



^2 39.8 

42.1 2.023 X 10* 



2.687 X 10* 
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It is clear that the storage modulus for both acrylic 
polymers decreases as the temperature increases. There is no 
advantage of these polymers in terms of temperature-dependent 
solubility or dispersibility. However, these polymers have 
been used as a binder for a wet-laid fabric. The treated 
~ Showed sufficient wet strength in diaper liner during 



use. 



The HA-8 treated wet-laid web was found to have 
sufficient strength as diaper liner during use. Accordingly 
HA-8 was used as a control and its wet strength performance 
30 was used as the target value for the performance requirement 
Of the flushable polymers and compositions of the present 
inventions for use as a flushable diaper liner. 

EXAMPLE 6 
35 Polyvinyl Alcohol 

Certain polyvinyl alcohol polymers are suitable for 
use as flushable material. However, the degree of hydrolysis 
of the polymer is critical. Hydrolysis is the process whereby, 
for example, an acetate side chain on the polymer is 
40 hydrolyzed to a hydroxyl group. The solubility in water 
depends on the degree of polymerization and hydrolysis. Fully 
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hydrolyzed (98-99 molS) poly(vinyl alcohol) (PVOH) is soluble 
only in hot to boiling water, whereas pvoh becomes more 
soluble at low temperatures for lower hydrolysis (87-89 mol%) 
samples. For samples that are less than 80% hydrolyzed, there 
IS an inverse relationship between the percent hydrolysis and 
the temperature at which polymer phase change occurs. 

The chemical structure of polyvinyl alcohol is as 

follows: 



0 



i CH, - CH Y 



OH 



EXAMPLE 7 

Polyvinyl alcohol having a hydrolysis of less than 
80%, under the trademark of Gohsenol, were obtained from 
Nippon synthetic Chemical Industry Co., Ltd. (or commonly 
refer to Nippon Gohsei) of Osaka, Japan. 

The following table lists the polymer samples used in 
the present invention. 



TABLE 14 



armdo 




DP 


Cloud 
point . • c 


Poly&er 
concentration f% 


LL-02 


45-51 


1045 


★ 


30 


KZ-06 


71.6 


1015 


32 


20 & 35 


NK-05 


72-75 


500 


39 


31 


KH-17 


78.5-81.5 


1040 


50 


19 



DH: degree of hydrolysis 
DP: degree of polymerization 
(*) : water insoluble 



Figure 4 shows a plot of G' values as a function of 
temperature for different grades of polyvinyl alcohol. The 
polymer concentration is shown in the last column of Table 14, 
above. LL-02 grade shows excellent temperature-dependent 
phase change in the desired temperature range between the 
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temperature of tap warer (20-C) and the remperarure of bodv 
waste fluids (34-C) . Although LL-02 is water-insoluble, it 
forms a soft hydrogel in water at low temperature and it is 
dispersible in a tap water environment (the G' value drops 
5 below 5 X 10^ dyne/cm2 as the polymer concentration decreases 
to less than 30%). Both K2-06 and KH-17 show a drastic 
increase in G' value as the solution temperature approaches 
the cloud point of the polymer. NK-05 grade did not show any 
temperature-dependent e f f ect . 

^° Pi^ure 5 shows the effect of sodium phosphate on G- 

values for sample KH-17. The presence of salt enhances the 
rigidity of the polymer. Table 15 shows the polymer 
concentration and NajPO^ concentrations of the polyvinyl 
alcohol KH-17 samples that were measured to yield the results 

15 sho«m in Figure 5. 

TJUBLE IS 
Polyaar Ha.PO, 

19 0 
18.5 0,99 

"•5 1.94 
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The polyvinyl alcohol grades used in the present 
invention differ from those used by the prior art (see for 
example U.S. Patent Nos. 3,645,928 and 3,692,725). The PVOH 
used by the prior art are those having high degree of 
hydrolysis (>87 mol%) . The wet strength of these PVOH 
decreases and become more water soluble with increasing 



EXAMPLE 8 
35 Polyethyl Oxazoline 

Polyethyl oxazoline is soluble in water and has a 
cloud point of between 61'C and 64 'C depending on molecular 
weight (See for example, "Solubility and miscibility of 
polyethyl oxazoline," by P. Lin, C. Clash, E.M. Pearce and 
T.K. Kwei and M.A. Aponte, Journal of Polymer Science, Part 
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B: Polymer Physics, Vol. 26. pg, 603-619 (1988), The chemical 
structure is as follow: 

- (CH, - N - CH, ) 

t 

C a 0 
I 



Polyethyl oxazoline having a molecular weight of 
500,000 was obtained from Polysciences , Inc. of Warrington, 
PA. Figure 6 shows a plot of G' values as a function of 
temperature for polyethyl oxazoline having varying amount of 
15 sodium phosphate. There are strong temperature- and 
salt-dependent effects on the storage moduli. Table 16 shows 
the polymer concentrations and NajPO^ concentrations of the 
polyethyl oxazoline samples that were measured to yield the 
results shown in Figure 6. 



TABLE 1« 
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40 



Polyaer M«,PO. 

24.3 0 
23.5 0.37 

1.05 

EXAMPLE 9 

Polyvinyl Methyl Ether 

Polyvinyl methyl ether (PVME or polymethoxy ethylene) 
is soluble in water in all proportions at room temperature 
because of hydrogen bonding of water to the polymer ether 
linkage. Heating aqueous PVME solutions destroys the ether 
linkage hydration and decreases water solubility. Thus, pvme 
polymer comes out of water solution at a specific temperature, 
which is generally known as the cloud point, of 33-C. See, for 
example, "Vinyl ether monomers and polymers," by E. v. Hort 
and R.c. Gasman, in Encyclopedia of Chemical Technology, 
Volume 23, pg. 937-960, 3rd. Edition, published by John Wiley 
& Sons, New York, NY. PVME is widely used as an adhesive. 
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The Chemical srrucrure cf poiyvxnyi ^erhyl erher is as 
tollows: 
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- (CHj - CH ) ^ 



I 

O CHj 



PVME was obtained fron Polysciences, inc. of 
Warrington, pa as a 50% aqueous solution. Figure 7 show a 
plot of G- values as a function of temperature for PVME of 
various degrees of hydration. Temperature has no effect on 
the G. value below but there is a drastic rise in the 

G value around 37'C. Figure 8 shows a plot of g- values as 
a function of temperature for PVME having varying amount of 
sodium phosphate. The presence of salt causes PVME to 
precipitate out of solution and increases the rigidity of 
PVME in wet form. Table 17 shows the polymer concentrations 
and NajPO, concentrations of the polyvinyl methyl ether samples 
that were measured to yield the results shown in Figure 8 



ii Coneent ration % 



" 0 
29-4 0.69 
29-4 0.64 



11.4 



4.8 



EXAMPLE 10 

35 Polyvinyl pyrrolldone copolymers 

Poly(N-vinyl-2-pyrrolidone) (PVP) homopolymer has a 
theoretical cloud point of iso'c (See, for example, "Water 
solubility and sensitivity - hydration effects" by F. Franks, 
in Chemistry and Technology of Water-soluble Polymers, Ed. by 
C.A. Finch, Plenum Press, New York, (1983), pg. 157-178. The 
strong interaction between PVP and inorganic salts, such as 
ammonium sulfate, has been reported. PVP can be precipitated 
out Of aqueous solution by adding 0.8 6 molar ammonium sulfate 



wo 95/16474 PCr/US94/14034 



(See for example, "Effecr or Elecrrolytes on solution behavior 
Of water soluble macronolecules , - by m.J. Garvey and i d 
Robb, Journal of the Chemical Society, Faraday Trans, i,* 
volume 75, pg. 993-1000 (1979)). 

It is thus of interest to investigate copolymers of 
PVP with a less soluble comonomer, such as vinyl acetate a 
number of pvp/VA copolymers are used as hairspray resins 
tablet excipients, and adhesives. For example, a PVP/VA 
copolymer is commercially available from International 
specialty Products (formerly GAF Chemicals Co.) of Charlotte 
North Carolina. The chemical structure of PVP/VA copolymers 
is as follows: 

- (CH - CHj ) , (CH - CHj ) ^ - 

^ O 
/ \ I 

C=0 

20 im, — 

Vinyl pyrrolidone ^i„yi ^^^^^^^ 
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copolymers E335 and E535 were obtained from isP as 
48-52% polymer solution (anhydrous ethanol as solvent) E335 
has 30 mole% of PVP and 70 mole% vinyl acetate. E535 has 50 
»ole% of PVP and 50 Bole% of vinyl acetate. Dry polymer 
samples of both E335 and E53S were obtained by evaporating the 
solvent. The dry polymer samples were then mixed with water 
to different degrees of hydration for wet modulus measurement 
E335 is slightly soluble in water and the solubility increases 
with increasing PVP content. 

Figure 9 shows a plot of G- values as a function of 
temperature for E335 of different degrees of hydration. The 
temperature-dependent effect is stronger for more hydrated 
samples. Figure 10 shows a plot of G- values as a function 
of temperature for E535 in combination with ammonium sulfate 
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EXAMPLE 11 

Hydroxypropyl Cellulose 



Hydroxypropyl cellulose (HPC) has a cloud point of 43 -c 
5 (See for example, "Phase diagrams of nonionic polyner-warer 
systems," by G. Karlstrom, A. Carlsson and B. Lindman, j. 
Phys. Chem., Vol. 94, pg. 5005-5015 (1990)). HPc' is 
commercially available from Aqualon Co. of Wilmington, 
Delaware under the trademark of Klucal . The chemical structure 
10 of HPC is as follows: 



CH^R 

CH — O 

/ \ 
CH CH — O — 

\ / 

CH — CH 

I I 
I I 

R R 



where R « O CH, CH CH, 



I 

OH 



Figure 11 shows a plot of G' values as a function of 
temperature for Klucel having different molecular weight (mw) . 
The MW for Klucel EF, Klucel LF and Klucel G is 80,ooo! 
95,000, 370,000, respectively. There is a small effect of MW 
on G' value. 

Figure 12 shows a plot of G' values as a function of 
temperature for Klucel LF of various degree of concentration. 
Figure 13 shows the effect of sodium phosphate on G' values 
for Klucel LF. The presence of salt causes Klucel to 
precipitate out of solution and this increases the wet 
35 rigidity of the polymer. Table 18 shows the polymer 
concentrations and NajPO^ concentrations of the Klucel LF 
samples that were measured to yield the results shown in 
Figure 13. 
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TABLE 18 

Polymar 

9.52 0 
9.93 0 

9.67 1.0% MajPOj 

9-74 0.88% CaCl, 



EXAMPLE 12 

Klucel, available from Aqualon Co.', whose ciiemical 
designation is cellulose 2 -hydroxypropyl ether, is combined 
with 5% by weight NaCl. The polymer and salt may be mixed 
m an aqueous solution used to saturate a non-woven fabric 
Which subsequently is dried to remove the water! 
Alternatively, the polymer and salt may be mixed and heated 
to form a water-free composition that can be spun or extruded 
to form the flushable materials such as fibers, films and 
foams. This flushable material undergoes phase change at 
approximately 25 'C. 



25 EXAMPLE 13 

Klucel, available from Aqualon, whose chemical 
designation is cellulose 2 -hydroxypropyl ether, is combined 
with 1.2% by weight Na,HPO,. The polymer and salt may be mixed 
xn an aqueous solution used to saturate a non-woven fabric, 

30 Which subsequently is dried to remove the water 
Alternatively, the polymer and salt may be mixed and heated 
to form a water-free composition that can be spun or extruded 
to form the flushable materials such as fibers, fii»s and 
foam.. This flushable material undergoes phase change at 

35 approximately 25 "C. 

EXAMPLE 14 
Methyl Cellulose 

Methyl cellulose (MC) has a cloud point of 49-c (See 
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for example, "studies on soi-gel .ransf ormarions . ^ The 
inverse sol-gel transformation of methyl cellulose in water - 
by E. Heyoann, Transactions of the Faraday Society vol 3i 
pg. 846-864 (1935, and "Phase diagrams of ' nonioni; 
polymer-water systems," by g. Karlstrom, A. Carlsson and B 
Lindman, j. Phys. chem, , Vol. 94, pg. 3005-5015 (1990))' 
Methyl cellulose is commercially available from Aqualon Co' 
of Wilmington, Delaware. The chemical structure of MC is as 
follow: 



CHjR 

CH ~ O 

/ \ 
CH CH — O — 

\ / 
CH — CH 

I I 
I I 

R R 



where R = 0 CH, 



Methyl cellulose having a molecular weight of 86,000 
supplied by Polysciences, Inc. of Warrington, PA, was used to 
evaluate the effect of temperature on the value of G'. Figure 

14 Shows a plot Of G. values as a function of temperature for 
MC having different degrees of hydration. Methyl cellulose 

15 capable of absorbing a large amount of water, as much as 
35 grama water per gram of polymer (approximately 3 weight % 
(wt%) of the polymer concentration) and forms a soft hydrogel 
At polymer concentrations of more than 6 wt%, it is a tough 
gel. Figure 15 shows a plot of G- as a function of 
temperature for MC with and without sodium phosphate, it is 
apparent that sodium phosphate has little effect on the 
storage modulus of MC. 



EXAMPLE 15 

Polyethylene Oxide and Polyethylene Oxide Copolymers 

Polyethylene oxide has a cloud point of 101 'C. The 
Cloud point of polyethylene oxide is decreased by the presence 
of salts or by copolymerization with propylene pxide (See for 
example, "Effect of additives on solution properties of 
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ethylene oxide propylene oxide sratistical cooolymers , " by a 
Louai, D. sarazin, G. Pollet. j. Francois and F. Moreaux 
Polymer, Vol. 32, pg. 7X3720 (1991) and "Some propen:ies of 
polyethylene oxide in aqueous solution," by F.E. Bailey Jr 
5 and R.W. Canard, Journal of Applied Polyner Science, Vol l' 
pg. 56-62 (1959)) . The chemical structures for PEO and PPo are 
given as follows: 

10 - (CHj - CH - O) , - (CHj - CH - O) - 

Ri R2 

where R, - » h ethylene oxide hoaopolyrter 
Ri = R2 - CHj propylene oxide homopolymer 
15 Ri » H, Rj ■ CHj copolymer 

PEO polymers having different molecular weights (mw) 
were obtained from Union Carbide Corporation of New York NY 

POLYOX WSR N-IO has MW of 100,000. POLYOX WSR-205 has MW of 
600,000. POLYOX WSR-301 has MW of 4,000,000. POLYOX Coagulant 
has MW Of 5,000,000. Figure 16 Shows a plot of g' as a 
function of temperature for PEO having different molecular 
weights. It is apparent that the storage modulus for PEO 
increases with increasing molecular weight. Also, temperature 
has little effect on the storage modulus of PEO. 

The temperature-dependent thermoreversibility of PEO 
homopolymer can be modulated by the addition of a significant 
amount of salt, e.g. 0.3 M to 0.4 M sodium phosphate. 
Alternatively, the cloud point of peo can be decreased by 
copolymerization with propylene oxide or butylene oxide 
designated EOPO and EOBO copolymers, respectively. EOPO and 
EOBO copolymers are available from several chemical 
manufactures, such as Dow Chemical and Union Carbide. The 
EOPO polymer selected for testing for temperature-dependent 
thermoreversibility is a waxy solid containing 3 parts of 
ethylene oxide and 1 part of propylene oxide, has a molecular 
weight of 13,300, and was obtained from Polysciences , inc. of 
Warrington, PA. Figure 17 shows a plot of 6- values as a 
function of temperature for a sample having a polymer 
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concentration of a,. at. xt is clear tnat tn. .a.pi. 
an increa« in G' value at elevated temperatures. 

The w.t strenqth or the flushable composition is 
ihcreaaed by blehdin, a high strength polywer, such as 
= polyolef in or hi,h .olecular weight PEO with the low molecular 
weight EOPO copolver. Optionally, various salts can hi 
ITT "■^o^itlon. The low .olecular weight EOPO 

copolymer constitutes the active temperature-dependent 

10 component, while the other polymer 

10 contribute, strength to the composition. 

EXAMPLE 16 

°^ precipitated calcium carbonate Socal 
31 Obtained froB Specialty Minerals, i„c. (formerly Pfizer 

tc ie !Tl^r: ' polyethylene wax 

A C 16 Obtained from Allied Signal, inc. of Morristown, New 
Jersey were compounded using a laboratory scale attritor 
provided by standridge color Co. of social Circle, Georgia 
The average particle size of the calcium carbonate is o.07 
S^r* °' wax/carbonate mixture was 

Z^"^ ' °' ^ '^^-^-^ CO. Of 

Wilmxngton, Delaware by using a paint mixer model 5400 

supplied by Red Devil Equipment Co. of Union, New Jersey. The 
2^ ""^^ ^ composition of Klucel/wax/carbonate of 

50:25:25. The mixture was melt spun into polymeric filaments 
according to the process disclosed in U.S. Patent No 
4,340,563, Which is hereby incorporated herein in its entirety 
by reference. 

30 EXAMPLE 17 

A flushable article is provided wherein a backsheet 
IS in superposed facing relation to a first side of an 
absorbent body, the absorbent body in turn is superposed in 
facing relation on a second side to a bodyside liner, and 
wherein one or more of the backsheet. absorbent body and 
bodyside liner are composed of a thermoreversible flushable 
polymer, wherein the polymer is insoluble or non-dispersible 



38 



wo 95/16474 



PCTAJS94/14034 



5 



in body waste fluids ar temperarures above approximately 25 'C 
and is soluble or dispersible in water at temperatures below 
approximately 23 'C. 

An absorbent article as described, for example in 
U.S. Patent No. 5,192,606, which is hereby incorporated herein 
xn Its entirety by reference, that has one or more flushable 
components is provided. The absorbent article includes a 
backshaet layer, an absorbent body, an optional liquid 
permeable intermediate transfer layer, and a body side liner 
The backsheet generally is impervious to penetration by urine 
and other body wastes, and acts as an outer covering for the 
absorbent article. The absorbent body generally is composed 
Of substantially hydrophilic material that is capable of 
absorbing liquid. The bodyside liner (also referred to as the 
topsheet) is a liquid permeable layer that comprises the 
surface of the article that will be in contact with the skin 
of the wearer of the article. 



EXAMPLE 18 

A partially flushable absorbent article as described 
in Example 17 is provided. The flushable absorbent article 
includes a flushable absorbent body. The absorbent body may 
be constructed using a mixture of pulp and methyl cellulose. 

EXAMPLE 19 

A partially flushable absorbent article as described 
in Example 17 is provided. The flushable absorbent article 
includes a flushable backsheet layer. The backsheet layer is 
constructed using a cast film composition of hydroxypropyl 
cellulose with 1% calcium carbonate or calcium phosphate. 

EXAMPLE 20 

A totally flushable absorbent article as described 
in Example 17 is provided. The flushable article can be 
flushed as a whole article in toilet bowl. Not all of the 
components of the article have to break apart and disperse 
prior to flushing because the article will' continue to 
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EXAMPLE 21 

An absorbent article as described in U.S. Patent 
4,798.603 to Meyer et al., which is hereby incorporated herein 
m Its entirety by reference, is constructed wherein one or 
more of the components of the absorbent article is a flushable 
component. Such flushable components may be made according 
to the foregoing Examples. Such an absorbent article comprises 
a liquid permeable transport layer located between a topsheet 
(bodyside liner) and a hydrophilic absorbent ' body, having an 
effective average pore size that is smaller than the pore size 
of the topsheet layer, and a backsheet. 

EXAMPLE 22 

An absorbent article as described, for example, in 
U.S. Patent No. 5,192,606 and having one or more flushable 
components is provided. The absorbent article includes a 
backsheet layer, an absorbent body and a liquid permeable 
intermediate transfer layer, and body side liner. Also, the 
absorbent article includes two containment flaps that are 
connected to the bodyside surface of the transfer layer. 
Suitable constructions and arrangements for containment flaps 
are described, for example, in U.S. Patent No. 4.704,116 
issued November 3, 1987, to K. Enloe. The flushable 
components may be removed and flushed in toilet bowl. The 
flushable components may include, but are not limited to, a 
body side liner, a transfer layer, and containment flaps. 
These flushable components may be constructed using nonwoven 
fabrics as described in the foregoing Examples. 



EXAMPLE 23 

A partially flushable absorbent article as described 
35 in Example 22 is provided. The flushable components as 
described in Example 22 are constructed using flushable 
nonwoven fabrics. 
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EXAMPLE 24 

Example J2 is providM. The tlushable absorbent article 
includes a nushable absorbent body. The absorbent body s 
constructed usln, a mixture of pulp ,„d „.thyl cellulose. 

EXAMPLE 25 

A totally flushable absorbent article as described 
in Example 22 »ay be provided. The flushable article can be 

flushed as a whole article in toilet bowl All 

i-h« ^ oowj.. All components of 

the article do not have to breaJc-apart prior to flushing. 

EXAMPLE 26 

in. P^^^^^'^ flushable disposable training pant or 

incontinence garment as described in, for example u s Pa^o„. 
No^ ^3S,.5.andU.s. patent MO. .,s.o,.., b:t:;"Lra^ 
IZTZ r"'''"''** - entirety by reference, are 

assembly comprising a liquid-impervious outer cover a 
ixquxd-perviou, liner, and an absorbent medium therebetween 

material T ^« constructed using 

material as described in Example 4. 

EXAMPLE 27 

exaanle ^""P"" applicator as described in, for 

thl^" ;- ! '"""'^ incorporated herein in 

coLtruct / 

tZr.?"" ' applicator is a pair of telescoping 

tubes the outer tube carrying the tampon's absorbent material 
(the tampon's .pledget', and the inner tube serving as a 
Plunger for dispensing the pledget. applicators are 

molded to include a grip ring and a petal-shaped forward end 
Which aids in the insertion of the device and in retaining and 
protecting the pledget while it is in the outer tube 
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Flushable applicators are constructed by injection molding a 
mixture of ethylene methacrylic acid copolymer, calcium 
phosphate salt, pigment, plasticizer and reinforcing substance 
such as polyethylene. 



EXAMPLE 28 

A flushable sanitary napkin as described in, for 
example, U.S. Patent 4,944,735 and U. S. Patent No. 5,032,121, 
both of which are hereby incorporated herein in their entirety 
by reference, is provided. The sanitary napkin consists of 
an absorbent body, a fluid permeable cover positioned adjacent 
to the absorbent body, e.g. superposed in facing relation to 
the absorbent body, and a fluid- impermeable baffle. The cover 
and baffle are sealed together to enclose the absorbent body. 
The sanitary napkin further includes a pair of elastic members 
affixed between the cover and the baffle. The cover is made 
flushable by using nonwoven fabric described in the foregoing 
Examples. The baffle may be made flushable by using a cast 
film of mixture containing polyethyl oxazoline, salt, 
20 polyethylene, plasticizer and pigment. 

EXAMPLE 29 

A flushable panty liner as described in, for example, 
U.S. Patent 4,347,092, which is hereby incorporated herein in 
its entirety by reference, may be provided. The panty liner 
includes an absorbent body, a fluid permeable cover and a 
fluid impermeable baffle. The cover may be made flushable by 
using nonwoven fabric described in the foregoing Examples. 
The baffle may be made flushable by using a cast film of 
mixture containing polyethyl oxazoline, salt, polyethylene, 
plasticizer and pigment. 

The above described invention will be more fully 
understood in view of the following embodiments. It is to 
be understood that the above-disclosed embodiments are merely 
35 illustrative and are not intended to limit the scope of the 
invention. on the contrary, other embodiments will become 
obvious to one skilled in the art in light of the disclosure 
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Of the present invention and all such obvious variations are 
contemplated within the scope of the appended claims. 
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Claims 



What is claimed is: 



5 1. A flushable composition comprising. 

a thermoreversible polymer, in combination with a salt 
capable of altering the temperature at which the polymer is 
soluble, wherein the salt is admixed into the bulk of the 
polymer and the salt is provided in an amount sufficient to 
10 render the polymer reversibly water insoluble in the presence 
Of body waste fluids at temperatures above approximately 25 -c 
but soluble or dispersible in the presence of normal tap water 
at temperatures below approximately 23 'C. 

2. The flushable composition of claim i. wherein the 

composition has a storage modulus (C) value of greater than 

approximately 2 x lo' dyne/cm^ when in contact with urine at 

temperatures in the range of 25-C to 37 'C, and a G- value of 

5 less than approximately 5 x lo' dyne/cm^ when in contact with 
water at tea^eratures below 23 'C. 

3. The flushable composition of claim l, wherein the 
thermoreversible polymer is selected from the group consisting 
Of polymethacrylic acid, polymethacrylic acid copolymers 
polyvinyl alcohol, polyethyl oxazoline, polyvinyl methyl 

5 ether, polyvinyl pyrrolidone/vinyl acetate copolymers 
hydroxypropyl cellulose, hydroxypropyl methyl cellulose' 
methyl cellulose, ethyl hydroxyethyl cellulose, methyl ether 
starch, poly (n-isopropyl acryl amide ) , poly N-vinyl 
caprolactam, polyvinyl methyl oxazolidone, polyvinyl methyl 
10 oxazolidimone, poly (2-isopropyl-2-oxazoline) , poly 
(2,4-dimethyl-6-triazinyl ethylene), polyethylene oxide, and 
ethylene oxide-propylene oxide copolymer. 

4. The flushable composition of Claim l, wherein the 
flushable composition comprises polyvinyl alcohol that has a 
degree of hydrolysis of less than 75% and a salt selected 
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from the group consisting of sulfate salts, cirrate salts, 
phosphate salts and chromate salts. 

5. The flushable composition of claim i, wherein the 
flushable composition comprises polyethyl oxazoline and a 
salt selected from the group consisting of phosphate salts, 
sulfate salts, carbonate salts, and halide salts. 

6. The flushable composition of Claim 1, wherein the 
flushable composition comprises polyvinyl pyrrol idone 
copolymer and an inorganic salt. 

7. The flushable composition of Claim 6, wherein the 
inorganic salt is ammonium sulfate. 

8. The flushable composition of claim l, wherein the 
flushable composition comprises hydroxypropyl cellulose and 
an inorganic salt. 

9. A flushable article comprising, 

the flushable composition of claim i, wherein the 
article is selected from the group consisting of infant care 
products, child care products, adult care products, feminine 
care products, wet wipes, medical care products, surgical 
products, packaging materials and household wipes. 

10. The flushable article of Claim 9, wherein the 
flushable article comprises a backsheet in superposed facing 
relation to a first side of an absorbent body, the absorbent 
body superposed in facing relation on a second side to a 
bodyside liner, wherein one or more of the backsheet, 
absorbent body and bodyside liner are composed of the 
flushable composition of Claim i. 

11. The flushable article of claim 9, wherein the 
flushable composition has a storage modulus (C) value of 
greater than approximately 2 x 10^ dyne/ cm^ when in contact 
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With urine at temperatures in the range of 25-c to 37-c and 
a G- value Of less than approximately 5 x lo^ dyne/cm^ whin in 
contact with water at temperatures below 23 'C. 

12. The flushable article of claim 9, wherein the 
thermoreversible polymer is selected from the group consisting 
of polymethacryllc acid, polymethacrylic acid copolymers 
polyvinyl alcohol, polyethyl oxazoline, polyvinyl methyi 
5 ether, polyvinyl pyrrol idone/ vinyl acetate copolymers 
hydroxypropyl cellulose, hydroxypropyl methyl cellulose' 
methyl cellulose, ethyl hydroxyethyl cellulose, methyl ether 
starch, poly (n-isopropyl acrylaaide) , poly ji-vinyl 
caprolactam, polyvinyl methyl oxazolidone, polyvinyl methyl 
10 oxazolidimone, poly (2-isopropyl-2-oxazoline) , poiy 
(2,4-dlmethyl-6-triazinyl ethylene), polyethylene oxide, and 
ethylene oxide-propylene oxide copolymer. 

13. The flushable article of claim 9, wherein the 
flushable composition comprises polyvinyl alcohol that has a 
degree of hydrolysis of less than 75% and a salt selected 
from the group consisting of sulfate salts, citrate salts, 

5 phosphate salts and chromate salts. 

14. The flushable article of claim 9. wherein the 
flushable composition comprises polyethyl oxazoline and a 
salt selected from the group consisting of phosphate salts, 
sulfate salts, carbonate salts and halide salts. 

15. The flushable article of claim 9, wherein the 
flushable composition comprises polyvinyl pyrrol idone 
copolymer and an inorganic salt. 

16. The flushable article of claim is, wherein the 
inorganic salt is ammonium sulfate. 

17. The flushable article of Claim 9,; wherein the 
flushable composition comprises hydroxypropyl cellulose and 
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an inorganic salt. 



18. A flushable article comprising, 

a backsheet in superposed facing relation to a first 

facing relation on a second side to a bodyside liner, wherein 
one or more of the haekxhA^i- ^ "=*^ein 

iin... backsheet, absorbent body and bodyside 

liner are composed of a thermoreversible polymer. 

19. The flushable article of claim la, wherein the 
thermoreversible polymer has a storage moduli (a-) value of 
grater than approximately 2 x io» dyne/cm^ when n c "ac\ 
With urine at temperatures in the range of zs-c to 37" I'd 
a G. value of less than approximately 5 x 10' dyne/cm^ wL in 
contact with water at temperatures below 23 -c 

20. The flushable article of claim is wherein the 
thermoreversible polymer is selected from the group consist^a 

iLiT:^""'"'''"'^ poimny'i : : 

polyethyl oxazoline, polyvinyl methyl ether, polyvinyl 
pyrrolidone/vinyi acetate copolymers, and methyl cenurose 
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